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Abstract 
Electrochemical honing (ECH) is emerging as a potential gear finishing technique in which achieved surface finish and material 
removal are significantly influenced by the processing time. This paper comprises the findings of experimental investigation to 
explore the influence of processing time on process performance parameters: surface quality of gear teeth profile, tribological 
performance of the teeth surface and process capability and thus, to estimate the optimum processing time by graphical 
analysis. The emphatic characteristics of developed machine setup and guidelines for future research have also been discussed 
to stimulate the research community to carry out further research in this field to mature the process. 
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Bevel gears are employed to transmit power and/or motion between two interacting shafts. For efficient 
transmission and longer service life, the gear teeth profile should be smooth and error free. Hence, finishing of gear 
teeth profile is an essential operation. Gear grinding, gear shaving, gear honing and gear lapping are popular in 
industries. In these processes, material is removed by mechanical shear owing to high plastic deformation caused 
by mechanical abrasion. Therefore, the hardness of workpiece and tool acts as determining factor. Moreover, these 
processes are costly, time consuming and the surface finish achieved is not upto the mark. These shortcomings 
necessitate the exploration of alternative gear finishing processes in which energy sources employed for material 
removal is completely different from the traditional processes. Electrochemical honing (ECH) is one of them. In 
* Corresponding author. Tel.: +91-8272881586; fax: +91-1332-273456. 
E-mail address: joyprakash.misra@gmail.com 
Open access under CC BY-NC-ND license. 
1260   J.P. Misra et al. /  Procedia Engineering  64 ( 2013 )  1259 – 1266 
ECH, metal is removed by combine action of electrochemical machining and mechanical abrasion.  As, in this 
process, most of the metal is removed at atomic scale by electrolytic dissolution, the hardness of the tool 
act as determining factor and furthermore, the process experiences no tool wear.  Fig. 1 illustrates the fundamental 
concept of the process. It shows that the workpiece gear is rotated in engagement with specially shaped cathode 
gear and abrasive bonded honing gear. The workpiece gear acts as a driver and cathode gear and honing gear act as 
driven in the shown gear train. The cathode gear is developed by clubbing a copper gear with a bakelite gear with 
undercut profile of copper gear than bakelite gear to provide inter-electrode gap (IEG) and thus, to prevent short-
circuiting. The IEG is flooded with proper electrolyte to complete the circuitry to commence the anodic dissolution. 
But, during electrolytic dissolution, due to generation of oxygen, a thin metal oxide micro-film is generated on the 
workpiece. This oxide layer is insulating in nature and protects the metal surface from being further 
electrochemically dissolute. Abrasive bonded honing gear scrubs this insulating oxide layer selectively and 
produces fresh metal for further anodic dissolution (Chen et al. 1981). 
 
 
(a) 
 
(b) 
Fig. 1. (a) Schematic of Process principle of ECH of bevel gears; (b) Photographic view of developed tooling system for ECH of bevel gears. 
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Though the process dates back in 1970s, the application of ECH for gear finishing was started by Capello and 
Bertoglio (1979) as they described the removal of material from the teeth profile of anodic helical gear (having 17 
teeth and module 2.5) with the help of electrolytic dissolution and mechanical abrasion and employing a special 
shaped cathode gear having 64 teeth. In 1981, Chen et al. picked up research on ECH of gears and discussed the 
development of productive, high-accuracy, long tool life, gear finishing method based on ECH principle. After that, 
Wei et al. (1987), He et al. (2000), Misra et al. (2010), Naik and Misra (2012) have carried out research in this field 
to explore various aspects of the ECH of gears technique. But, to the best knowledge of authors, the research works 
carried out so far, were mainly concentrate on precision finishing of gears transmitting motion between parallel 
shafts. In recent work, Misra et al. (2013) explained the influence of electrolyte composition on tribological 
performance of bevel gear teeth surface with the aid of Mixture D-optimal design technique. The present work has 
been carried out to study the influence of processing time and time dependent behaviour of ECH of bevel gears.   
2. Experimental details 
2.1. Experimental setup 
The application of ECH for precision finishing of bevel gears has not been given due attention so far and as a 
consequence probably no such experimental setup has been reported neither from the research community nor 
from the mechanical industries. Therefore, based on objectives of study, design considerations and economic 
viability, an experimental setup for the same has been developed. The developed machine setup consists of four 
major subsystems: power supply system, electrolyte supply system, tool and tool-motion system and machining 
chamber and fixtures.  The power supply system consists of of 0-100 V/100A DC supplying unit having provision 
for operating at both continuous and pulsating mode. This subsystem is employed to provide controlled power 
supply to the anodic workpiece and cathode tool to complete the electric circuit. The electrolyte supply system is 
consisting of reservoir, pump, flow meter, pressure gauges, heat exchanger, chamber drains, magnetic filters, 
settling tank, etc.  The purpose of this sub-element is to supply the filtered electrolyte with controlled flowrate and 
pressure to the machining zone. The tool and tool-motion system, which is the most critical subelement of this 
setup, contains three types of gears: anodic workpiece, specially shaped cathode gear, and abrasive coated honing 
gear and a DC motor to provide the rotational motion to the gear train.  The machining chamber is made of perspex 
to obtain a better visibility of the operation. Fig. 2 demonstrates the schematic diagram of the developed 
experimental setup. 
 
 
Fig. 2. Schematic diagram of developed experimental setup for ECH of bevel gears. 
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2.2. Experimental procedure 
proportional to the amount of current (equal to the multiplication of current flow and time) passed and hence, the 
processing time plays a crucial role in determining the capability of the process. In this study, the potential of the 
process was employed to improve the surface quality of the gear teeth profile and experimental investigation has 
been carried out to explore the influence of processing time on process performance parameters. The typical levels 
and ranges of input parameter (i.e. processing time) and the parameters kept fixed for experimentation are 
presented in Table 1. The surface roughness values, bearing ratio of the surface and the amount of material 
removed were used as measures of process performance. The surface roughness values of the workpiece were 
measured before the machining and after each run using optical profiler to determine the rate of improvement in 
surface quality of gear teeth profile. The optical profiler which is a non-contact type surface roughness tester, 
works on the basis of VSI (vertical scanning interferometry) and PSI (phase shifting interferometry) principle and 
interfaced with Vision 32® software to capture the image of surface topography along with roughness values. The 
percentage improvement in surface roughness values and bearing ratio were also calculated using following 
equations (Eq. 1 and Eq. 2). The amount of material removed was quantified by measuring the mass of workpiece 
before and after the process using a digital weighing machine. 
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(here, R = surface roughness, Br = bearing ratio, PIR = percentage improvement in surface roughness, PIBr = 
percentage improvement in bearing ratio) 
Table 1. Values of input and fixed parameters. 
Input parameter Values/Levels 
Processing time (in min) 
L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11 L12 L13 
0 1 2 3 4 5 6 7 8 9 10 11 12 
Fixed parameters Values/Levels 
Electrolyte 5% NaCl 
Electrolyte Temperature 20 0C 
Electrolyte pressure 1 MPa 
Electrolyte flowrate 10 l/min 
Operation mode Continuous supply 
Current 10 A DC 
Voltage 10 V 
Rotating Speed 60 rpm 
IEG 0.5 mm 
Workpiece gear AISI 1040, 16 teeth, 5 DP straight bevel gear 
Cathode gear Fabricated by clubbing a copper gear with a bakelite gear and undercutting the profile of copper gear to 
provide inter-electrode gap (IEG) to prevent short-circuit 
Honing gear AISI 1040 gear with nickel-chrome abrasive coating; particle size:50-75μm, layer thickness: 100-150 
μm 
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3. Results and discussions 
Table 2 presents the surface roughness (Ra, Rq and Rz) values, bearing ratio (Br) and mass of workpiece before 
machining and after each run. The calculated percentage improvement in surface roughness values (PIRa, PIRq and 
PIRz), percentage improvement in bearing ratio (PIBr) and amount of material removed in gram for different 
processing time durations are shown in Table 3. The effect of processing time on surface roughness and percentage 
improvement in surface roughness has been demonstrated in Fig. 3(a) and 3(b) respectively which show that the 
surface quality of gear teeth profile improves with increasing processing time; however, the rate of increment 
decreases in course of time.  Fig. 3(c) and 3(d) illustrate the changes in bearing ratio and percentage improvement 
in bearing ratio owing to increase in processing time. It is evident from Fig. 3(c) and 3(d) that tribological 
performance of gear teeth profile which is indicated by the bearing ratio has been enhanced with increasing 
processing time. Fig. 3(e) presents the influence of processing time on amount of metal removed and it shows that 
with increasing processing time, the mass of workpiece reduces and the amount of metal removed increases. 
Table 2. Results of surface roughness, bearing ratio and mass of workpiece for different processing time. 
Processing time (min) Ra (μm) Rq (μm) Rz (μm) Br (%) Mass of workpiece (g) 
0 (Before ECH) 3.02 4.82 74.21 93.79 470.782 
1 2.96 4.72 72.4 91.81 470.694 
2 2.88 4.61 70.56 89.67 470.585 
3 2.79 4.49 68.69 87.48 470.465 
4 2.68 4.36 64.78 85.14 470.334 
5 2.57 4.17 60.03 81.83 470.212 
6 2.43 3.91 53.52 77.23 470.09 
7 2.27 3.62 47.83 72.11 469.9 
8 2.15 3.49 46.67 65.22 469.755 
9 2.03 3.43 45.29 61.51 469.684 
10 1.97 3.37 44.57 60.38 469.601 
11 1.94 3.33 43.62 59.55 469.544 
12 1.93 3.28 43.31 59.31 469.501 
Table 3. PIRa, PIRq, PIRz, PIBr and Material removed values for different processing time. 
Processing time (min) PIRa (%) PIRq (%) PIRz (%) PIBr (%) Material removed (g) 
1 1.99 2.02 2.44 2.12 0.088 
2 4.64 4.31 4.93 4.4 0.197 
3 7.62 6.89 7.45 6.73 0.317 
4 11.26 9.45 12.72 9.23 0.448 
5 14.91 13.47 19.12 12.76 0.57 
6 19.54 18.91 27.89 17.66 0.692 
7 24.84 24.93 35.55 23.12 0.882 
8 28.81 27.55 37.12 30.47 1.027 
9 32.79 28.81 38.98 34.42 1.098 
10 34.77 30.14 39.95 35.63 1.181 
11 35.77 30.86 41.23 36.51 1.238 
12 36.1 31.24 41.64 36.77 1.281 
MRR = 106.750 mg/min 
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Fig. 3. Effect of processing time on (a) surface roughness values; (b) percentage improvement in surface roughness; (c) bearing ratio; (d)  
percentage improvement in bearing ratio and (e) mass of workpiece and amount material removed in gram.        
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ectrolysis states that the amount of metal deposited or dissolved in the solution is 
proportional to the amount of electricity passed. The amount electricity is equal to the multiplication of current 
flow with time duration. Thus, the rate of electrolytic dissolution is directly proportional to the time duration.  In 
ECH, most of the metal is removed at atomic scale by anodic dissolution and hence, the surface quality, 
tribological performance and amount of metal removed enhance with increasing processing time. Moreover, the 
honing action also improves with increasing processing time acts as performance multiplier. It is evident that 
initially the rate of improvement is high while it decreases with course of time. It can be explained as follow: at the 
beginning the surface of workpiece is more irregular and therefore, workpiece experiences faster ECH action. But 
later on irregularities decrease as well as the ECH action. It is evident from Fig. 3, that upto processing time of 10 
min, the rate of increment is significant while after processing time of 10 min the rate of increment is marginal and 
hence, 10 min was selected as optimal processing time for further study.  
4.   Micro-structure and micro-hardness study 
Micro-structure characterization and micro-hardness testing have been carried out to investigate the impact of 
the process on surface integrity aspects of the machined surface. To visualize the micro-structural changes 
occurred in the workpiece due to the process, the specimens were prepared by manual polishing using emery 
paper, cloth polishing and etching with nital (2 ml HNO3 + 98 ml ethanol) solution. Fig. 4(a) and 4(b) present the 
micro-structure of workpiece material captured by optical microscope before and after the process and it is obvious 
from Fig. 4 that no micro-structural change has been occurred due to the process. Micro-hardness value of gear 
teeth has been measured before and after the process and it was found that both the values lie almost in the same 
range (238 HV-260 HV).  
 
  
(a) (b) 
Fig. 4. Microstructure of worksurface: (a) before ECH; (b) after ECH. 
5. Summary and conclusion   
The experimental investigation to explore the influence of processing time on surface quality of gear teeth 
profile and process capability has been carried out. Based on the results, it can be concluded that the surface 
quality of gear teeth profile enhances with the increasing processing time. It is also obvious from the study, the 
process enhances the bearing ratio value of worksurface and hence, it can be concluded that the process is capable 
of improving the tribological aspects of gear teeth profile. The process shows 106.750 mg/min as material removal 
rate which establishes the advantage of employing ECH for gear finishing. Moreover, the study of surface integrity 
aspects ascertains that the process has no effect on mechanical properties of the workpiece. Further research could 
consider the study of effect of different parameters such as current, voltage, inter-electrode gap, electrolyte related 
parameters, etc. on surface quality and process capability.                                                                              
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